High-cadence, multiwavelength optical observations, taken during two separate observing runs at the National Solar Observatory/Sacramento Peak, are presented here. A total of fifteen network bright points have been studied at differing atmospheric heights, using images taken in narrow wavebands. Wavelet analysis was used to study wavepackets, and identify traveling magnetohydrodynamic (MHD) waves. Wave speeds were estimated through temporal cross-correlation of signals, in selected frequency bands of wavelet power, in each wavelength. Seven modecoupling cases were identified, one in each of seven of the NBPs. MHD mode coupling is a viable mechanism for transport of energy from the photosphere into the chromosphere, where subsequent deposition can contribute to atmospheric heating.
Background theory
It has been known for a long time that the Sun exhibits a reversal in its temperature profile above the photosphere, which then increases throughout the chromosphere. However, it is not known what mechanism heats this region of the atmosphere. Any complete theory attempting to address this matter must manage to explain a number of processes: (1) the generation of non-radiative energy; (2) the transportation from the source region to that which is to be heated; and (3) the deposition of this energy.
One theory to explain the transportation of energy from the underlying photosphere into the chromosphere has been proposed by Kalkofen (1997) . This states that non-dissipative, transverse-mode, magnetohydrodynamic (MHD) waves travel up magnetic flux tubes located at the supergranular cell boundaries (network bright points -NBPs) into less dense regions. Consequently the wave velocity amplitude increases and enters a non-linear regime, enabling efficient transfer of transverse-mode energy to longitudinal-mode waves at twice the transverse-mode frequency. These longitudinal waves may then heat the surrounding plasma either through shocks, since they are compressible (Zhugzhda et al. 1995) , or by driving dissipative Pedersen currents (Goodman 2000 (Goodman , 2004 . As such, the concept of mode coupling may provide an explanation for point (2) mentioned above, and lead to suitable situations to describe point (3).
To address the generation of MHD waves in the underlying photosphere, Hasan & Kalkofen (1999) modelled the generation of both transverse-and longitudinal-mode MHD waves in a thin flux tube through external granular buffeting. They found the energy flux of the transverse mode to be an order of magnitude greater than that of the longitudinal mode for typical NBP field strengths. This indicates preferential transverse-mode generation from the photosphere, providing a mechanism which satisfies point (1) above, and leads directly into the requirements for mode coupling.
Observations
All the data presented here were obtained with the Dunn Solar Telescope at the National Solar Observatory 1 /Sacramento Peak site, in New Mexico. The two observing runs performed (McAteer et al. 2003 , 45 s cadence; Bloomfield et al. 2004 , 10 s cadence) were comprised of images taken in narrow optical wavebands, as shown in Fig. 1a )-c), with formation heights ranging through the solar chromosphere, given in Table 1 (from Bloomfield et al. 2004 ). In the case of Bloomfield et al. (2004) , additional photospheric vector magnetograms were acquired using the High Altitude Observatory's Advanced Stokes Polarimeter, also depicted in Fig. 1d ).
Analysis
Time series of NBPs were extracted through isolating individual NBPs within the images by a novel contouring method, where NBP emission is determined as some multiple of multiple of standard deviations above each image background (i.e. modal value). Contrast lightcurves were then taken to avoid any trends due to seeing effects.
Wavelet analysis was applied to gain time-localised information on oscillatory power. Figures. 2a) &c)s h o w the wavelet power transforms for two of the wavelengths observed (Ca ii K 3 and Mg i b 1 −0.4Å respectively). In these plots lighter shading corresponds to increased power and the cross-hatched areas demark the cone of influence (COI), where edge effects due to the finite duration of the time series may become important. The contours additionally show the 95% confidence levels as determined from a two degree of freedom χ 2 distribution. From these transforms, power slices were taken at discreet frequencies in each waveband, shown in Figs. 2b)&  d ) . By correlating these power curves in time, the timelag at peak correlation, shown in Fig. 2e ), marks the wave travel time between the formation heights of the wavebands used.
Wave criteria
To determine whether a detected oscillation corresponds to a possible wave we applied the following criteria to the Fourier spectra, wavelet power transforms and wavelet power correlations, respectively: -Fourier power must be above the 95% confidence level; -wavelet power must be above the 95% confidence level for longer than t d outside the COI; -peak correlation coefficients between power curves must be above 0.7. The likelihood of wave involvement in mode coupling was determined by applying these tests (Kalkofen 1997 ):
1. both upwardly-propagating transverse-mode waves, at frequency ν κ , and longitudinal-mode waves propagating to the same or greater atmospheric height, at frequency ν λ (≈ 2ν κ ), must be detected within the same NBP; 2. Fourier power at frequency ν κ in the lower chromosphere should be observable higher in the atmosphere at reduced power; 3. Fourier power at frequency ν λ should appear in the upper atmosphere; 4. waves remaining at or above the transverse cutoff frequency ν κ after coupling should propagate at around the sound speed (∼ 8k ms −1 ).
Results
A number of upward-and downward-propagating waves were observed in all NBPs between the two studies. Only detections which are strong candidates for mode coupling are depicted in Table 2 and summarised below.
-Five transverse-mode cases were observed over the frequency range 1.3 − 1.6 mHz, with longitudinal-mode frequencies grouped in the 2.5 − 3.4m H zr a n g e .
-Two transverse modes over the range 1.9 − 2.1m H z , with longitudinal modes in the 3.7 − 4.0m H zr a n g e .
-Variations in Fourier power with atmospheric height, given in Bloomfield et al. (2004) , depict two clear cases showing dissipation of the longitudinal modes.
-From Bloomfield et al. (2004) , three cases with transverse modes over the range 1.3 − 1.5 mHz have mean apparent magnetic flux density magnitudes in the range 99 − 111 Mx cm −2 .
-Remaining case from Bloomfield et al. (2004) with transverse mode at ∼ 2.1 mHz has an increased mean apparent magnetic flux density of 142 Mx cm −2 . 
Conclusions
We have presented seven detections of MHD mode coupling occurring in the quiet-Sun network, from the combined study of fifteen NBPs by McAteer et al. (2003) and Bloomfield et al. (2004) . These detections add plausibility to the concept of chromospheric heating arising in part from the transport of photospheric energy into the chromosphere by nondamping transverse MHD modes. The subsequent transfer of energy to longitudinal modes enables the deposition of this energy into the surrounding plasma either by the shocking of these waves in the mid-to high-chromosphere (Zhugzhda et al. 1995) or the driving of dissipative Pedersen currents (Goodman 2000 (Goodman , 2004 .
There is also a tentative suggestion that mode-coupling cases showing higher-frequency transverse modes occur in NBPs with increased photospheric magnetic flux density magnitude. However, due to the small sample presented here, further study is definitely required.
Further work
To extend the work carried out here, obtaining higher cadence magnetograms would allow the study of NBP flux density evolution. Obtaining rastered spectral maps rather than filtergram images will yield more complete coverage of atmospheric height, while line core Doppler velocities should give more pronounced oscillatory signals. Incorporation of such improvements could enable the study of mode-coupling height as a function of NBP flux density.
